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Abstract 
Background: To study the relationship of age and 
sleep habits with total testosterone levels in younger 
age group. 
Methods: This randomized cross sectional study 
was conducted on 66 male medical students. 
Anthropometric characteristics were measured and a 
standardized questionnaire proforma was completed 
regarding sleep habits. Serum total testosterone level 
was analyzed by Enzyme Linked Fluorescent Assay 
technique. Data was analyzed using student‘t’ test 
and Pearson bivariate correlation.  
Results: Total testosterone was positively 
associated with age (r=0.102, p=0.018) and total sleep 
duration (r=0.753, p=0.000). Total sleep duration 
showed a positive association with age (r=0.270, 
p=0.000).Academic performance showed a positive 
relation with sleep duration (r=0.623, p=0.000) and 
sleeping time (r=0.188, p=0.000).  
Conclusion: Low concentration of total 
testosterone was associated with less healthy sleep. 
Total sleep duration and timing of sleep were related 
with academic performance. 
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Introduction 
     Several small and large cross-sectional studies have 
found testosterone levels to decrease with age, while a 
few studies did not.1–3Acute critical illness, surgical 
injury or acute myocardial infarction causes a 
profound, generally transient, decrease of testosterone 
levels.4Unraveling the differential associations of 
lifestyle factors on sex steroid hormone concentrations 
may have some clinical significance, like 
cardiovascular disease is associated with age, body 
mass index (BMI) and smoking. Associations have 
been reported regarding low sex steroid hormone 
concentrations and adverse effects on cognition, sexual 
functions, bone and body composition, glucose-3 
metabolism and quality of life.4-8 
     The widespread participation in internet activities 
and globalized cross-time zone trading may have 
compromised the normal circadian sleep in many 
people. Chronic sleep restriction has become one of the 
most common and yet least studied health issue. It is 
endemic in modern society. We have reported that 
sleep duration decreased with age9 and disrupted 
sleep can affect androgen concentrations but the 
reported association between sleep and androgen 
concentrations has been equivocal.10The present study 
sought to evaluate the association of age and sleep 
habits with sex steroid hormone concentrations in a 
group of male medical students living in the 
community. 
Subjects and  Methods 
     This randomized cross sectional study was 
performed at Department of Physiology, Islamic 
International Medical College and Railway General 
Hospital Rawalpindi during 2010-2011. Each volunteer 
gave his written informed consent. A total of 66 young 
males, 33from each of first and final year MBBS 
students were included in the study. The age of the 
students was between 18-25 years. The students with 
known psychiatric illness or on medication like 
sedatives, hypnotics, anti-depressants, anxiolytics or 
steroids were excluded from the study. All the 
participants completed a questionnaire proforma, after 
explaining the aims and objectives of the study, 
consisting of 29 questions, in the presence of the 
investigator. The open ended items of the 
questionnaire consisted of sleep duration, number of 
awakenings at night. Regarding development of 
secondary sexual characters, questions about 
development of external genitalia, pubic hairs and 
growth were asked according to Tanner stages of 
puberty.11 There was choice for questions that best 
described their situation like dream remembering, 
mode of awakening and morning tiredness. Any query 
raised by any student was explained there and then by 
the investigator and the filled proforma was collected 
within two hours on the same day. Non fasting blood  
Journal of Rawalpindi Medical College (JRMC); 2015;19(1):89-92 
 
 90 
sample was drawn by venipuncture between 0800 to 
1000 hours and was stored at -70 0C till it was first 
thawed for analysis of serum total testosterone by 
enzyme linked fluorescent assay (ELFA) method. The 
students were divided into three groups (Grade A, 
Grade B, Grade C) based on their total serum 
testosterone levels. Grade A comprised of students 
with testosterone levels between 300-599ng/dl, Grade 
B with testosterone levels between 600-899ng/dl and 
in Grade C, testosterone levels were greater than 
900ng/dl. Continuous variables were analyzed by 
Student “t’ test while correlation by Pearson 
correlation. All tests were two-tailed and p value of 
<0.05 was assumed to represent statistically 
significant.  
 
Results 
     Mean age of students was 21.05±2.96 years. The 
total testosterone level was 713.69±229.08 ng/dl. 
Twenty five percent  of the students slept 4 hrs to less 
than 6 hrs and showed an academic performance 
scoring 50%-60%;a great number of the students 
(52.90%) slept 6hrs to less than 8 hrs and scored 60%-
70% in their academia, while 22.1% slept 8 hrs or 
longer and scored >70% in their academic 
performance. The distribution of awakening showed; 
40.3% awoke for once during night, 48.6% had natural 
mode of awakening in the morning, 55.6% were 
drowsy after awakening and a good percentage 
(54.2%) remembered their dreams(Table 1). 
Table1:  Demograhic Data of the Medical Students 
Characteristics Mean value 
Total testosterone level ± SD 
(ng /dl) 
713.69±220.08 
Age ± SD (years) 21.05±2.96 
Sleep duration % 
4-6hrs 
6-8hrs 
8-9hrs 
 
25 
52.90 
22.1 
Academic Performance % 
according to sleep duration 
4-6hrs 
6-8hrs 
8-9hrs 
 
 
50-60% 
60-70% 
70% 
Number of 
awakenings/night%( 1time) 
40.3% 
Mode of awakening 
Natural% 
 
48.6% 
Feelings after awakening 
Drowsy% 
 
55.6% 
Dream remembering % 54.2% 
Data expressed in means ±SD and in percentage. 
Table 2: Correlation of Age and Total Sleep 
duration with Total Testosterone 
Characteristic Correlation (r), ‘p’ value 
Age r=0.012, p=0.018 
Total sleep duration r=0.753, p=0.000 
Table 3:Correlation of Age and Academic 
performance with Sleep duration 
Characteristic Correlation (r), ‘p’ value 
Age r=0.270, p=0.000 
Academic performance r=0.623, p=0.000 
Table 4:Demographic data of Medical Students 
by grading of totalTestosterone levels 
Characteristi
cs 
 
Grade A 
(n=22) 
300-
599ng/dl 
Grade 
B 
(n=20) 
600-
899ng/
dl 
Grade C 
(n=24) 
900ng/dl
&> 
p 
(Grad
e 
A&B) 
p 
(Gra
de A 
& C) 
p 
(Gra
de 
B&C) 
Total 
Testosterone 
level ± 
SD(ng/dl 
476.58 ± 
81.10 
723.25 
± 86.59 
934.83 ± 
199.9 
0.00 0.00 0.00 
Age ± SD 
(years) 
20.46 ± 
3.06 
20.62 ± 
3.0 
21.54 ± 
2.96 
0.85 0.22 0.29 
 
Sleeping 
Time ±SD 
(PM) 
11.37 ± 
2.24 
11.58 ± 
0.50 
10.70 ± 
0.75 
0.65 0.17 0.00 
Rise Time ± 
SD (AM) 
5.29 ± 0.50 6.04 ± 
0.56 
6.66 ± 
0.54 
0.00 0.00 0.00 
Sleep 
duration ± 
SD (hours) 
5.41 ± 0.69 6.45 ± 
0.60 
7.95 ± 
0.76 
0.00 0.00 0.00 
Dream 
remember% 
58.33 45.83 58.33    
 
After 
awakening 
Alert % 
Drowsy % 
 
45.83 
54.16 
 
41.66 
58.33 
 
54.16 
45.83 
   
Awakening
mode 
Natural % 
Alarm% 
 
72.99 
27 
 
58 
42 
 
60 
40 
   
Awakenings
/night% 
Nil 
1times 
2times 
3times 
 
58.33 
41.66 
0 
0 
 
37.5 
41.66 
20.83 
0 
 
12.5 
37.5 
37.5 
12.5 
   
Sleep 
duration% 
4-6hrs 
6-8hrs 
8-9 hrsand 
above 
 
91.66 
8.33 
0 
 
33.33 
66.66 
0 
 
0 
70 
30 
   
 
    Results showed a positive and significant correlation 
of Total serum testosterone level with age (r=0.012, 
p=0.018) and sleep duration (r=0.753, p=0.000) (Table 
2). A positive and significant correlation of Total sleep 
duration with age (r=0.270, p=0.000) and academic 
performance (r=0.623, p=0.000) (Table 3). An 
increasing trend in total sleep duration and rising time 
was noticed with increasing testosterone levels, but 
not with age. The total serum testosterone levels, rising 
time and total sleep duration showed a statistically 
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significant difference (p<0.05) in students of grade B 
and C as compared to those of grade A, as well as in 
grade C as compared to grade B. Most of the students 
in all grades had ability of dream remembering and 
showed awakening without alarum.  A greater 
percentage was found drowsy at time of awakening 
.The students of grade C showed maximum 
awakenings during night (Table 4). 
     A linear trend was observed between decreasing 
total serum testosterone levels and increasing sleeping 
time; however, age, rising time and sleep duration 
showed an increasing trend with increasing 
testosterone levels. A statistically significant (p<0.05) 
difference was seen regarding total serum testosterone 
levels, sleep duration and rising time in students of 
grade B and C as compared to grade A, and in grade C 
compared to students of  grade B. A greater number of 
students of all grades had natural mode but were 
drowsy at the time of awakening; 50% of the students 
had the ability of dream remembering while 
maximum number of grade C students showed 
maximum awakenings during night (Table 5).The total 
serum testosterone level showed a positive and 
significant correlation with age (r=0.58, p=0.000),while 
a negative relation with sleep duration (r=-0.85, p= 
0.000).  
Table 5:Demographic data of First Year Students 
by grading of total Testosterone levels 
Characteristics 
 
Grade 
A 
(n=10) 
300-
599ng/d
l 
Grade 
B 
(n=9) 
600-
899ng/d
l 
Grade C 
(n=14) 
900ng/dl&
> 
P 
(Gra
de 
A&B) 
p 
(Gra
de A 
&C) 
p 
(Grad
e 
B&C) 
Age ± SD (years) 
 
17.50 ± 
0.67 
17.75 ± 
0.75 
18.75 ± 0.75 0.401 0.000 0.004 
Sleeping Time 
±SD (PM) 
11.91 ± 
0.28 
11.75 ± 
0.45 
10.83 ± 0.83 0.294 0.000 0.003 
Rise Time ± SD 
(AM) 
 
5.20 ± 
0.45 
6.00 ± 
0.42 
6.62 ± 0.43 0.000 0.000 0.002 
Sleep duration ± 
SD (hours) 
5.29 ± 
0.45 
6.25 ± 
0.62 
7.79 ± 0.81 0.000 0.000 0.000 
Dream 
remembering% 
 
50.00 50.00 50.00    
Feelings after 
awakening 
Alert% 
Drowsy% 
 
 
41.66 
58.34 
 
 
33.34 
66.66 
 
 
50 
50 
   
Mode of 
awakening 
Natural% 
Alarm% 
 
83.34 
16.66 
 
41.66 
58.34 
 
50 
50 
   
Awakenings/ni
ght % 
Nil 
1 time 
2 times 
3 times 
 
66.66 
33.33 
0 
0 
 
33.34 
49.98 
16.66 
0 
 
16.66 
49.98 
24.99 
8.33 
   
Sleep duration 
% 
4-6hrs 
6-8hrs 
8-9hrs 
 
100 
0 
0 
 
50 
50 
0 
 
0 
75 
25 
   
Data expressed in means ±SD and in percentage 
     The age and sleep duration showed an increasing 
trend with increasing testosterone levels. A significant 
difference (p<0.05) in total serum testosterone levels, 
rising time, total sleep duration was noticed in 
students of grades B and C as compared to Grade A 
and in students of Grade C as compared to students of 
Grade B. A greater percentage of the students had 
natural mode of awakening and had a sleep duration 
of 4-hrs to 6 hrs.The total serum testosterone level 
showed a positive correlation with age (r=0.32, 
p=0.005) and sleep duration (r=0.68, p= 0.000).The 
sleep duration showed a positive correlation with age 
(r=0.46, p=0.00) (Table 6). 
 
Table 6:Demographic data of Final Year 
Students by grading ofTestosterone levels 
Characteristic
s 
Grade A 
(n=12) 
300-
599ng/dl 
Grade B 
(n=11) 
600-
899ng/
dl 
Grade 
C 
(n=10) 
900ng
/dl&> 
p 
(Grad
e A& 
B) 
p 
(Grade 
A & C) 
p 
(Grade 
B&C) 
Total 
testosterone 
level ± SD (ng 
/dl) 
500.92± 
77.14 
697.70 ± 
70.78 
924.25 
± 
275.22 
0.000 0.000 0.011 
Age ± SD 
(years) 
23.42 ± 
0.51 
23.50 ± 
0.52 
24.33 ± 
0.88 
0.698 0.005 0.000 
 
Sleeping Time 
±SD (PM) 
10.83 ± 
3.12 
11.41 ± 
0.51 
10.58 ± 
0.66 
0.53 0.789 0.002 
Rise Time ± 
SD (AM) 
5.37 ± 0.56 6.08 ± 
0.70 
6.70 ± 
0.65 
0.013 0.000 0.034 
Sleep 
duration ± SD 
(hours) 
5.54 ± 0.72 
 
6.66 ± 
0.536 
8.12 ± 
0.71 
0.000 0.000 0.000 
Dream 
remembering 
% 
66.66 41.66 66.66    
Feelings after 
awakening 
Alert% 
Drowsy% 
 
 
50 
50 
 
 
50 
50 
 
 
41.66 
58.34 
   
Mode of 
awakening 
Natural% 
Alarm% 
 
 
55 
45 
 
 
50 
50 
 
 
70 
30 
   
Number of 
awakenings/
night% 
Nil 
1time 
2times 
3times 
 
 
 
50 
50 
0 
0 
 
 
 
41.66 
33.34 
25 
0 
 
 
 
8.33 
24.99 
49.98 
16.66 
   
Sleep 
duration % 
4-6hrs 
6-8hrs 
8-9hrs 
 
 
83.34 
16.66 
0 
 
 
16.66 
83.34 
0 
 
 
0 
66.66 
33.34 
   
Data expressed in means ±SD and in percentage 
 
Discussion 
     The results showed that the sex steroid is a major 
determinant for many physiological parameters, 
including age and sleep. Present study found an age-
related increase of total testosterone in young growing 
medical students which is consistent with the Penev 
P,Harman et al and Muller et al, however results are in 
disagreement with Massachusetts Male Aging Study  
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(MMAS) indicating decreasing sex steroid with 
increasing age.412-14 Influence of age on estradiol 
concentration is still not so clear. A decline in 
testosterone production is suggested to be a normal 
part of aging as a result of reduced testicular activity 
and down-regulation of the hypothalamic–pituitary 
feedback system. Most investigators believe an age-
related increase of serum hormone binding globulin 
(SHBG) and reduction of free testosterone as 
compared to total testosterone levels.14-17  Sex steroids 
circulate in the serum bound to albumin and SHBG 
(the main factor inﬂuencing the biologically active 
fractions) and there are only small variations in 
albumin concentration in healthy subjects, thus total 
testosterone is maintained at relatively high levels in 
adults and even in the older men.18 
           The timing of sleep and sleep duration appears 
to be important contributor to academic performance.  
The study showed a positive association between total 
duration of sleep and the academic performance. 
Many studies have demonstrated the importance of 
total sleep time for full enhancement of intellectual 
functioning as well as student safety behind the 
wheel.19 The concept that sleep deprivation erodes 
performance, academic and otherwise, is progressive 
in debate. Some authors showed that trend of napping 
is more common in those who had less total sleep 
duration and showed a positive association with 
testosterone levels though, total sleep duration with 
naps is not statistically different between groups.19-20 
 
Conclusion 
1. Low concentration of total testosterone was      
associated with less healthy sleep.  
2. Total sleep duration and timing of sleep were 
related with academic performance.  
3. The students who slept for 8 hrs and greater, 
scored higher percentages in the academics.  
 
References 
1. Eckhard L, Vitali G, Christian W, Alexander V, Erico V. Age-
related changes of serum sex hormones, insulin-like growth 
factor-1 and sex-hormone binding globulin levels in men: cross-
sectional data from a healthy male cohort. Clinical 
Endocrinology 2008;53: 689–95. 
2. Johan S, Monica M, Kaare H, Johan S, Ragnar M, Rolf J. The 
association old age, life style factors and chronic diseases with 
testosterone in men: the Tromo Study. Eur J 
Endocrinol2003;149:145-52. 
3. Ferrini RL and Barrett CE. Sex hormone and age; a cross 
sectional study of testosterone and estradiol and their 
bioavailable fractions in community-dwelling men.Am J 
Epidemiol1998;147:750-54. 
4. Muller M, den Tonkelaar, Thijssen JH, Grobbee DE.Endogenous 
sex hormones in men aged 40-80 years. Eur J 
Endocrinol 2003;149:583-89. 
5. Lu  PH,  Masterman DA,  Mulnard R, Cotman C,  Miller B.Effects 
of testosterone on cognition and mood in male patients with mild 
Alzheimer diseaseand healthy elderly men. Arch Neurol 
2006;63:177–85. 
6. Kaufman J, Vermeulen A. The decline of androgen levels in 
elderly men and its clinical and therapeutic implications. Endocr 
Rev2005;26:833–76. 
7. Meredith S,Rohrmann S, Menke A, Selvin E. Association of 
cigarette smoking, alcohol consumption, and physical activity 
with sex steroid hormone levels in US men. Cancer Causes 
Control 2009;20: 877-86. 
8. Suzuki R, Naomi EA, Paul NA, Timothy JK .Lifestyle factors and 
serum androgens among 636 middle aged men from seven 
countries in the European Prospective Investigation into Cancer 
and Nutrition (EPIC)CancerCauses Control2011;811-21 
9. Elizabeth BC, Thuy-TD, Katie S, Stephanie L, Susan R. The 
Association of Testosterone Levels with Overall Sleep Quality, 
Sleep Architecture, and Sleep-Disordered Breathing .J 
ClinEndocrinolMetab 2008; 93: 2602–09. 
10. Goh VH, Tong TY, Mok HP, Said B. Interactions among age, 
adiposity, bodyweight, lifestyle factors and sex steroid hormones 
in healthy Singaporean Chinese men. Asian J 
Androl 2007;9:611-21. 
11. Tanner JM. Growth at adolescence. Blackwell Scientific, Oxford 
1962.  
12. Penev P.  Association between sleep and morning testosterone 
levels in older men.Sleep 2007;30:427-32. 
13. Harman SM, Metter EJ, Tobin JD, Pearson J, Blackman MR. 
Longitudinal effects of aging on serum total and free testosterone 
levels in healthy men. J Clin Endocrinol Metab2001; 86: 724–
31. 
14. Feldman HA, Longcope C, Derby CA, Johannes CB, Araujo AB . 
Age trends in the level of serum testosterone and other hormones 
in middle-aged men: Longitudinal results from the 
Massachusetts Male Aging Study (MMAS).J Clin Endocrinol 
Metab 2002; 87: 589–98. 
15. Halmenschlager G, Rossetto S, Lara GM, Rhoden EL.Evaluation of 
the effects of cigarette smoking on testosterone levels in adult 
men. J Sex Med 2009;6:1763-72. 
16. Goh VH, Tong TY, Mok HP, Said B. Interactions among age, 
adiposity, bodyweight, lifestyle factors and sex steroid hormones 
in healthy Singaporean Chinese men. Asian J 
Androl 2007;9:611-21. 
17. Goh VH and Tong TY. The moderating impact of lifestyle factors 
on sex steroids, sexual activities and aging in Asian men. Asian J 
Androl 2011;13:596-604. 
18. Wu JL, Wu RSC, Yang JG, Huang CC, Chen KB, Fang KH. Effects 
of sleep deprivation on serum testosterone concentrations in the 
rat. Neuroscience2011;4:124–29. 
19. Aizawa K, Iemitsu M, Otsuki T, Maeda S, Miyauchi T. Sex 
differences in steroidogenesis in skeletal muscle following a 
single bout of exercise in rats. J ApplPhysiol 2008;104: 
 67-74. 
20. Eliasson AH, Lettieri CJ, Eliasson AH.Early to bed, early to rise! 
Sleep habits and academic performance in college students. Sleep 
Breath 2010;14:71-75. 
 
